Modulation of S6 fibrillation by unfolding rates and gatekeeper residues.
We present a protein engineering analysis of the fibrillation of a protein from a thermophilic organism, the 101 residue S6 from Thermus thermophilus. When agitated, S6 fibrillates at pH 2.0 in 0.4 M NaCl. Under these solvent conditions, S6 has native-like secondary structure and also unfolds and refolds cooperatively. However, its tertiary structure appears to be more plastic than at neutral pH, and some regions of the protein may be partially unstructured. At 42 degrees C, there is a lag phase of several days after which fibrillation takes place over several hours. Data from the fibrillation behaviour of a comprehensive series of single and double mutants of S6 suggests that several factors control the onset of fibrillation. Firstly, there appears to be a contiguous region of "gatekeeper" residues that inhibit fibrillation, since their truncation significantly reduces the duration of the lag phase. This region overlaps extensively with the partially unstructured region of the protein, suggesting that residues with enhanced flexibility and solvent-accessibility are important for the initiation of fibrillation. Secondly, longer lag phases correlate with faster rates of unfolding. We interpret this to mean that kinetic stability also controls fibrillation but in the sense that the quasi-native state, rather than the denatured state, is the species that participates in nucleation. This implies that fibrillation can also occur from a quasi-native state as opposed to an ensemble of highly fluctuating structures, and highlights the delicate balance between flexibility and structure required to form organized assemblies of polypeptide chains.